Abstract. Gaining insights into the evolution of Mediterranean Outflow Water (MOW) during the Early Pleistocene climate 8 transition has been so far hampered by the lack of available paleoclimatic archives. Here we present the first benthic 9 foraminifera stable oxygen and carbon isotope records and grain-size data from IODP Expedition 339 Site U1389 presently 10 located within the upper core of the MOW in the Gulf of Cadiz for the time interval between 2.6 and 1. 
Introduction 21
The Mediterranean Outflow Water (MOW) is a distinct hydrographic feature at intermediate water depths in the Gulf of 22 Cadiz, distinguished from other ambient North Atlantic water masses by its warm and saline character (Ambar and Howe, 23 The comparison between both intervals of the δ 13 C record at Site U1389 with the δ 13 C MedSea stack is shown in Figure 4 . 
Chronology

3.3Grain-size 134
The mean grain-size values (63-150 µm) for both investigated intervals are ~8.0 %-wt. Highest values of both investigated 135 intervals of up to ~60 %-wt. are correlated with MIS 100 and 77 (Fig. 4) . The grain-size variability is seemingly not related 136 to glacial-interglacial variability as a clear response of the grain-size to the variability .of δ18O records at Site U1389 cannot 137 be observed. 138
3.4Spectral analyses 139
The grain-size records of Interval I and II at Site U1389 exhibit significance (80% to 90%) variance in the precession (~23 140 kyr) and semi-precession (~ 11 kyr) frequency band (Fig. 5) (Millot, 2009 (Millot, , 2014 Millot et al., 2006) . 148
The δ
18 O difference between Site U1389 and the Mediterranean Sea is small during glacial periods in both investigated 149 intervals, suggesting that Site U1389 bathed in MOW during these colder climatic conditions throughout the early 150
Pleistocene time interval (Fig. 4) . This is particularly interesting in light of the proposed vertical shift of the MOW flow path 151 during glacial periods of the Late Pleistocene fostered by the increased density of the outflowing Mediterranean watermasses (Kaboth et al., 2015; Lofi et al., 2015; Toucanne et al., 2007b; Voelker et al., 2006; Rogerson et al., 2005; Schönfeld 153 and Zahn, 2002) . This suggests that Site U1389 was not subjected to major glacial-interglacial induced flow path changes 154 during the early Pleistocene, possibly due to its deeper and relatively proximal location to the Strait of Gibraltar, placing it 155 more into the general flow path of upper MOW. These results confirm the inferences derived from Site U1389 of the Late 156
Pleistocene interval where MOW activity was also shown to be largely unaffected by glacial-interglacial variability but 157 instead predominately influenced by insolation driven hydro-climatic changes of its Mediterranean source region (Bahr et 158 al., 2015) . 159
In contrast, the interglacial periods of both intervals show a small but relative depletion in the Mediterranean Sea compared 160 to the δ 18 O signal at Site U1389 which might reflect relatively higher temperatures or lower salinity of the intermediate 161 that MOW was in fact the predominant source of bottom water at Site U1389 between 1.8 and 2.1 Ma. In contrast, the older 169 Interval I is characterized by a slightly increased δ 13 C gradient between Site U1389 and the Mediterranean Sea suggesting a 170 generally larger contribution of ambient North Atlantic water masses carrying a lighter δ 13 C signal to the site. This could 171 indicate a more vigorous MOW or that during Interval I the MOW flow core was less proximal than during Interval II. The 172 later argument seems to be supported by the grain-size and its variability, as Interval II shows a ~10% decrease in mean and 173 amplitude relative to Interval I (Fig. 4) . This would suggest that during Interval I Site U1389 was less proximal to the flow 174 core albeit more sensitive to flow strength changes whereas during Interval II the MOW plume has settled upon Site U1389. 175 This is further supported by findings from seismic records in the Gulf of Cadiz that also suggest that at ~2.1 Ma the present 176 day circulation established (Hernandez-Molina et al., 2014b) 177 A distinct increase in the δ 13 C gradient can be seen during MIS 96, which may document a particular strong MOW activity. 178
However, the sample resolution during MIS 96 and the subsequent MIS 95 is relatively low so that increase in the δ 13 C 179 gradient remains ambiguous. The onset of the subsequent hiatus which has been argued to represent depositional erosion due 180 to increased bottom current activity of the MOW could argue for a strong intensification of MOW activity (Hernandez the two investigated intervals we find that the 63-150 µm fraction variability is seemingly modulated by a ~23 kyr pacing 186 (Fig. 4) . This relationship is evident in the power spectrum of the grain-size data which yields for both intervals a dominance 187 in the precession frequency band (~23 kyr); more prominently in the younger than in the older interval (Fig. 5) . This 188 suggests that the flow strength of MOW was probably directly modulated by precession during the Early Pleistocene, 189 aligning with previous findings based on Zr/Al ratios at Site U1389 from the Late Pleistocene (Bahr et al., 2015) . Mediterranean basin (Becker et al., 2005; Lourens and Hilgen, 1997; Zachariasse et al., 1990) . We also find N. atlantica 218 (sin) present during glacial periods of Interval I (Fig. 4) , confirming a more southern delineation of transitional and subpolar 219 water masses during glacial periods of the Early Pleistocene than in recent setting (Voelker et al., 2015) . This latitudinal shift 220 might occurred in concert with a more sluggish AMOC at least during the glacial periods if not throughout the whole time 221
interval (Bell et al., 2015) . Colder and more arid background conditions in the Mediterranean Sea could foster a stronger 222 MOW analogous to cold spells related to Heinrich Events throughout the last climatic cycle (Bahr et al., 2014 (Bahr et al., , 2015 Kaboth 223 et al., 2016 ). An intensification of MOW during Interval I would align with the increased δ 13 C gradient between Site U1389 224 and the Mediterranean Sea suggesting a more vigorous MOW which is also reflected by higher grain-size amplitudes 225 compared to Interval II (Fig. 4) . Our data, however, do not extend further back in time to test whether these conditions 226 coincides with the proposed steady increase of MOW activity in the Gulf of Cadiz since 3. mechanism against the background of increasingly colder temperatures (Fig. 4) . This stands in contrast to the warm Pliocene 235 setting where it was proposed that MOW contributions to the North Atlantic did not have a significant influence on the 236 AMOC (Khélifi et al., 2014) . 237
The intensification of the AMOC is also in concert with the disappearance of N. atlantica (sin) in the Mediterranean Sea and 238 the North Atlantic up to at least 52°N after ~2.4 Ma (Lourens and Hilgen, 1997; Weaver and Clement, 1987) . This suggests 239 the reduction in southward protrusion of colder water masses and hence the N. atlantica extinction, and a return to a warmer 240 background climate in the Mediterranean region during glacial periods (Lourens, 2008) . 241
The increased AMOC activity is documented by the North Atlantic SST record of Site ODP 982 displaying a plateau starting 242 at ~2.4 Ma indicating more steady climate conditions (Fig. 4) , and a stagnation in Northern Hemisphere ice sheet growth 243 (Bell et al., 2015; Lawrence et al., 2009) . Coinciding with this stabilization of North Atlantic SSTs is a cooling in the South 244
Atlantic attributed to a northward piracy of the tropical warmer water pool by a strong AMOC and implying an active 245 interhemispheric climatic seesaw at that time (Patterson et al., 2014; Etourneau et al., 2010) . Despite the lack of direct data atdepositional erosion feature caused by intensified bottom current activity, and hence strong MOW flow (Hernandez-Molina 248 et al., 2014b) . This would align with the continuous strong AMOC activity in the North Atlantic (Bell et al., 2015) . 249
From the reduction of the δ 18 O and δ 13 C gradient between Site U1389 and the MedSea stack (Fig. 4) , it appears that after 250 ~2.1 Ma MOW settled and upon Site U1389 (Fig. 4) . The reduction in grain-size might also imply more stable MOW 251 behaviour whereas during the transitional phase of the older Interval I MOW was probably more erratic, indicated by the 252 high grain-size variability and the increased δ 13 C gradient (Fig. 4) . Unfortunately, we lack data beyond ~ 2. 
